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1. INR~DUCTI~N 
In 1970, Hajek 141 proposed new concepts of stability using the important 
notions of prolongations, which were introduced by Ura 161 and were studied 
in [ 1, 2,4, 5 1 and many other authors. In this paper we study the Hajek 
stability concepts which we call D-stability and J-stability, where D denotes 
the prolongation relation and J denotes the prolongation limit relation. We 
give several characterizations to these concepts in terms of Liapunov 
stability, characteristic 0 [ 11 and equicontinuity. Ura type characterizations 
for the D- and J-stability are also given. It says roughly that under certain 
conditions a set M is D-stable iff D(M) = M and it is J-stable iff J(M) = M. 
A natural generalizations of the Hajek stabilities in continuous or discrete 
flows are D L- and J’ -stability. The corresponding notions in flows in 
general (or transformation groups) can be defined using the replete 
semigroups of the phase group of the flow 13 ). They will be denoted by D’- 
and J”-stability. where P is a replete semigroup. In this case similar results 
are also obtained. 
Let (X, T. n) be a flow, where X is always assumed to be locally compact 
and Hausdorff and T is a topological group. Let X* = X U {co} be the one 
point compactification of X. Then the flow (X, T, n) can be extended, in a 
natural way to (X*, T. n*), where n*(x, 1) = n(x, I) for x E X. t E T and 
~*(a, I) = co for ?c E X and I E T. For brevity (X, T, n) and (X”, T. r*) 
will be written (X. 7) and (X*. -0. respectively. For a point .Y E X, we have 
the following definitions [ 3-5 1 : 
- ..- 
(a) The limit set of x: L(x) = 0 (x(T- Q); Q is a compact subset of 
T}. 
(b) The first prolongation set of s: D(x) = n (?I@ N is a 
neighborhood of x). 
(c) The first limit prolongation set of x : J(x) = $ {D(M)\ I E T\. 
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The corresponding concepts in (X*, T) for a point x E X* are denoted 
respectively by L,(x), D*(x) and J*(x). 
Let P be a replete semigroup in T [ 3 ). Then for a point x E X we have the 
following definitions: 
(a) The P-limit set of x: I,“(x) = fl {.@Pl p E P). 
(b) The first P-prolongation set of .r: D”(x) = 0 (NPIN is a 
neighborhood of x). 
(c) The first P-limit prolongation of x: J”(x) = 0 (D’@P)J p E P). 
The corresponding concepts in (X*. 7) are denoted. respectively, by Lo. 
Dc(.u) and Jz(-x). 
A point x E X is said to be of characteristic 0 if D(x) = XT and of stable 
characteristic 0 if D(x) = XT and whenever there are nets xi --+ x and (I~} in 
T. then the net jxiliJ has a convergent subnet. A point x E X is said to be of - 
P-characteristic 0 if Dp = XP and of P-stable characteristic 0 if D’(x) = FP 
and whenever there are nets xi -9 .Y and (pi} in P, then the net (xi pi} has a 
convergent subnet. A flow (X, 7) is said to have one of the above properties 
if every point in X has the property. If for each open neighborhood U of a 
subset M of X there exists an open neighborhood I’ of M such that (I) 
VTcl U. then M is said be Liapunov stable. (2) D(V) c U, then M is said to 
be D-stable or (3) J(V) c U. then M is said to be J-stable. A flow (X, 7) is 
said to have one of these properties if for each x E X. -UT has the property. A 
subset M of X is said to be (P Liapunov stable} (D”-stable} IJP-stable} if 
given an open neighborhood U of M there exists an open neighborhood V of 
M such that {VP c U) {D’(V) C: U) (J’(V) c Ii). A flow (X, 7’) is said to 
have one of these properties if for each x E X, XP has the property. 
A set M is called invariant if MTc M and is said to be P-invariant if 
MP c M. It is called minimal if it is a closed invariant set which contains no 
proper closed invariant set. The closure of M is denoted by fi in X and by 
jG* in X”. The boundary of M will be denoted by 6M. Our main reference 
for notation and definition is 14 J. 
2. I:.- AND ,.-STAi3ILITY 
LEMMA 2.1. If a closed subset M is D-stable, then D(M) = M. 
Proof: It is always true that M c D(M). Let y E D(M) - M. Hence, there 
exists an open neighborhood U of M such that y 4 U. There exists an open 
neighborhood I’ of M with VC D(V) c U. Since M c V. D(M) c D(V). 
Thus. we have ~1 E U and we reach a contradiction. 
THEOREM 2.2. If a jlow (X. ‘I7 is D-stable. then it is of characteristic 0. 
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ProoJ Let x E X. Then by Lemma 2.1, D(xT) = xr Since ac D(x) c 
D(xT), it follows that D(x) = 3 
The converse of the above theorem is, in general, false. The following 
example will demonstrate this fact. 
EXAMPLE 2.3. Let (X, 7’) be a flow, where X = (0. 1) and T = Z, the 
additive group of integers. Define the action of Z on 10, I) by letting 
xn = (x + na) mod I. where a is a fixed irrational number. This flow is of 
characteristic 0 but is not D-stable. 
THEOREM 2.4. A closed subset M of X is D-stable IJ- it is Liapunov 
stable. 
Proof Assume that M is D-stable. Then clearly M is Liapunov stable. 
Conversely, assume that M is Liapunov stable. Suppose that M is not D- 
stable. Then there exists an open neighborhood CJ of M such that D(w) c$ CJ 
for all open neighborhoods W of M. Since M is closed and Liapunov stable, 
WC I/ for some open neighborhood V of M. Now D(v) = U TE, n 
(N, TIN, is a neighborhood of x) c UC U and consequently we have a 
contradiction. The proof is now complete. 
THEOREM 2.5 [ 21. AJlow (X, T) is of stable characteristic 0 t@(X*. T) is 
of characteristic 0. 
THEOREM 2.6. If a Jlow (X, T) is of stable characteristic 0. then it is D- 
stable. The converse holds provided that XT is compact for all x E X. 
ProoJI Assume that (X, 7) is of stable characteristic 0. Then clearly XT 
is compact for all x E X. Suppose that for a point*E X, x,T is not D- 
stable. Then there exists an open neighborhood U of x0 T such that D(V) 4 U 
for all open neighborhood V of x,,T. Hence, there is a net (x, I in U 
converging to y E x0 T and such that D(x,) 4 U for all cz. For each a choose 
~9, E D(x,)n (X - U). We may then assume tha-,, --+ z E X*. From 
12. 1.61, it follows that z E D*(y) = )‘T* c x0 T* = x0 T. Thus, we have a 
contradiction. To prove the second part we assume that XT is compact for all 
x E X and that (X, 7’) is D-stable. It follows from Theorem 2.2 that (X, 7) is 
of characteristic 0. Thus, by Theorem 2.5 to show that (X. r) is of stable 
characteristic 0 it suffices to show that co ‘3 D*(x) for all x E X. So assume 
that co E D*(x) for some x E X. Let U be a compact neighborhood of 
z* = 3 which is contained in X. Then for some open neighborhood V of 
XT* we have D(V) c U. By Theorem 2.4 we may assume, without loss of 
generality, that VT c U. Thus, D*(v) ---* c VT = VTc U. This disproves the 
claim that co E D*(x) and the proof of the theorem is now complete. 
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COROLLARY 2.1. Let (X, T) be a flow of characteristic 0. Then (X, T) is 
D-stable pror;ided either one of the following conditions hold: 
(a) XT is compact and connected for all x E X. 
(b) X is locally connected and XT is compact for all x E X. 
Proof: According to [ 2, 3.3, 3.41 either condition (a) or (b) implies that 
(X. 0 is of stable characteristic 0. Now apply Theorem 2.6 to get the con- 
clusion. 
COROLLARY 2.8. A jlow (X, T) is pointwise equicontinuous 13 (X X X, 7’) 
is D-stable provided that XT is compact for all x E X. 
Proof According to [ 2. 2.5. 4.4, 4.5 1 a flow (X, 79 is pointwise equicon- 
tinuous iff (X x X. -79 is of stable characteristic 0 provided that XT is 
compact for each .r E X. Now apply Theorem 2.6 to get the conclusion of the 
corollary. 
THEOREM 2.9. Let (X, T) be a jlow such that XT is connected for all 
x E X. Then a necessary and suflcient condition for a compact subset M of 
X to be D-stable is D(M) = M. 
ProoJ: The necessity was proved in Lemma 2.1. To prove the suftkiencq 
assume that D(M) = M and M is not D-stable. This implies by Theorem 2.4 
that M is not Liapunov stable. Hence. there exists an open neighborhood U 
of M whose closure is compact and a net (x,,) in I/ converging to a point 
J E M such that .Y,, Tn (X - U) # 0 for each a. Since x, T is connected for 
each a. Ir,,rn ZU # 0. For each u choose a point ~1, E xTn ?U. Then we -. 
may assume that .v,, -+ z E 2f.J. Since y:, E x, TC D(.r,,). it follows that 
z E D(J*) c D(M) = M which is a contradiction. The proof of the theorem is 
now complete. 
LEMMA 2.10. For a compact incariant subset M of X. D(M) = M lfl 
J(M) = M. 
ProoJ: Assume that D(M) = M. Since D(M) = MTuJ(M), it follows 
that J(M) c M. Let x E M. Since XT is compact, J(.u) # 0. Let J’ E J(x). 
Then .Y E J(J*) c J(M). Hence, M = J(M). The converse is trivial. 
Remark 2.1 I. It is clear that a D-stable subset of X is necessarily J- 
stable. The converse. however, is not true (Example 2.14). 
THEOREM 2.12. Let (X, T) be a flow, where FT is assume to be connected 
for all .Y E X. Then a compact incariant subset M of X is J-stuble IT 
J(M) = M. 
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Proof. Let M be a J-stable compact invariant subset of X. Let 
y E J(M) - M. Then there exists an open neighborhood U of M such that 
.r @ I/. Since M is J-stable, there exists an open neighborhood V of M with 
J(V) c U. Hence, y E J(M) c J( V) c U and, thus. we have a contradiction. 
Therefore, J(M) c M. Let x E M. Since XT is compact, L(x) f 0. So let 
z E L(x) c J(x). Since M is closed invariant, it follows that z E M. Hence, 
x E J(z) c J(M) and, thus. M c J(M). Thus, M = J(M). Conversely. assume 
that J(M) = M. Then by Lemma 2.1 we have D(M) = M. It follows from 
Theorem 2.9 that M is D-stable. Hence, according to Remark 2.11 we 
conclude that M is J-stable. 
COROMARY 2.13. A compact imariant set is J-stable ifs it is D-stable 
provided that TT is connected for all x E X. 
Proof: Use Remark 2.1 1. Lemma 2.10, and Theorems 2.12 and 2.9. To 
show the sharpness of our theorems we give the following examples. 
EXAMPLE 2.14. Consider the continuous flow (X. T), where X is the 
plane and T = R, the additive group of real numbers, which arises from the 
system x; = -x,, x; = -.Y?. Let M = {(x, O)( 0 < x < 1 1. Then M is J-stable 
but it is not D-stable. Notice that M is not invariant. 
EXAMPLE 2.15. Consider the continuous flow (X, 7’) where X = 10, 11 
and T = R acting on X by the law xt = 2’x/((2’ - 1) x + I). If M = (0, I). 
then M is Liapunov stable but it is neither D-stable nor J-stable. 
3. P-STABILITY 
From now on the phase group 7‘ will be assumed abelian and P will 
denote a certain replete semigroup. 
LEMMA 3.1. If there are nets xi + x and yi --t y in X. then the following 
statements are valid: 
(a) If yi E Dp(xi) for all i, then y E D”(x). 
(b) If yi E J’(x,) for all i, then 1’ E J”(x). 
Proof: The proof is simple and is thus omitted. 
THEOREM 3.2. A jlow (X, T) is of P-characteristic 0 iff 
S = ((x, y)l y ~5 2, x, y E X) is a closed P-invariant relation on X. 
Proof: Assume that (X, 7) is of P-characteristic 0. Let ((-xi, jVi)) be a net 
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in S which converges to (x, y) E X x X. Hence, yi ETP = D’(x,) for each i. 
This implies by Lemma 3.1 that y E D’(x) = XP and, consequently, 
(x, y) E S. Thus, S is closed, Clearly, S is P-invariant. Conversely, assume 
that S is a closed P-invariant relation on X. Let x E X. Then there are nets 
xi + x, xiii + y for some net {ri 1 in P and (xi 1 in X. Since (xi, xi, ri) E S for 
each i, it follows that y E 3 and the proof is now complete. 
LEMMA 3.3. If a closed P-‘-inoariant subset M of X is D”-stable. then 
D”(M) = M. 
ProoJ Let y E M. If v & D”(M). then x 6? D” ‘(y) for all x E M. Since 
M is P ‘-invariant, D” i(y) n M = (yP- ’ u J” ‘(~1)) n M # 0. Hence. we 
have a contradiction. Thus, M c D’(M). Assume there exists 
z E D’(M) - M. Then there exists an open neighborhood U of M such that 
z @ U. Since M is D”-stable, we obtain an open neighborhood V of M with 
D”(V) c U. This implies that z E U and, thus. we have a contradiction. 
Hence, D”(M) c M and, consequently, M = D’(M). 
THEOREM 3.4. A closed subset M of X is D”-stable lr it is P-Liapunoc 
stable. 
ProoJ If M is D%table, then it is clearly P-Liapunov stable. 
Conversely, assume that M is P-Liapunov stable. Suppose that M is not D’- 
stable. Then there exists an open neighborhood U of M such that D’(W) dr U 
for all open neighborhoods W of M. Since M is closed and P-Liapunov - 
stable. VP c U for some open neighborhood V of M. Now D”(V) = U,,, n -- - 
(N,PI N, is a neighborhood of x) c VP c U and, consequently, we have a 
contradiction. 
LEMMA 3.5. If a flow (X, T) is D’-stable, then it is of P-characleristic 0. 
ProoJ Let x E X and let y E D’(x) - 2. Then there exists an open 
neighborhood U of z such that y @ E. Since 2 is D’-stable, it follows from 
Theorem 3.4 that 2 is P-Liapunov stable. Hence, there exists an open - 
neighborhood V of 2 such that VP c U. Now D’(x) c VP c fl implies that 
y E c’ and, thus, we have a contradiction. Hence, D’(x) = XP and the proof 
of the lemma is now complete. 
THEOREM 3.6. Let (X, T) be a jlow of P-characteristic 0 such fhaf _- 
Lp ‘(x) # 0 for each x E X. Then (X, T) is of P -‘-characteristic 0 and XT is 
minimal for each x E X. 
Proof. Let y E Lp ‘(x). Since L’ ‘(x) is closed and invariant. 
eE -PC L” ‘(x) c D” ‘(x). Hence, x E D”( v) = yP. This implies that - I 
XTC-~C Lp ‘(x) and, consequently, XT = yf = L’ ‘(x) = xp’. Now if 
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z E XT, then it follows from above that z E Lp ‘(x). Thus, zT = XT and, - 
hence, XT is minimal for each x E X. To show that x E X is of P ‘- 
characteristic 0 we let y E Dp ‘(x). Then x E D’(y) =J~P cyT. This implies - 
by the minimality of Up that y E XT = xp-‘. Hence, D’-‘(x) = xp’. This 
completes the proof of the theorem. 
THEOREM 3.1. If (X*. T) is of P-characlerislic 0, then (X. 7’) is of P- 
srable characteristic 0. The converse holds provided rhaf L’ ‘(x) # 0 for 
each .r E X. 
ProoJ Assume that (X*, r) is of P-characteristic 0. Since Ll ‘(x) # 0 
for each x E X*, it follows from Theorem 3.6 that (X*, T) is of P- ‘- 
characteristic 0. To show that x E X is of P-stable characteristic 0 assume 
that there are nets {xi} in X and pi in P such that xi + x and xi pi + co. Then 
co E DC(x) and, consequently. XE D*p ‘(co) = mP- ‘* = (00). We then 
have a contradiction. This proves that (X, 7’) is of P-stable characteristic 0. 
Conversely. assume that (X, 7’) is of P-stable characteristic 0 and tat 
L’ ‘(x) # 0 for each x E X. It follows from the definition of P-stable charac- - - 
teristic 0 that XP is compact and, thus, xP* = xP. Hence, DC(x) = D’(x) = 
3 = FF* for each x E X. Since L” ‘(x) # 0, one can show as in te proof the 
first part that (X, 7’) is of P-- ‘-stable characteristic 0. It remains to show that 
DC(w)= COT* = (co}. Assume that ZE D:(m) for some z E X. Then 
mE@* ‘(z)=zp-‘*=zpcx and, consequently, we have a 
contradiction. Therefore, (X*. r) is of P-characteristic 0. The proof of the 
theorem is now complete. 
It should be noted that the second part of the above theorem is false if we 
do not assume that L’ -l(x) # 0 for all x E X (Example 3.12). 
THEOREM 3.8. A flow (X, T) is of P-stable characteristic 0 iff it is D”- 
slable and XP is compact for ‘all x E X. 
Proof: Assume that (X, 7’) is of P-stable characteristic 0. Then, clearly. 
.uP is compact for each x E X. Assume that there exists a point x E X such 
that xy is not D”-stable. Then according to Theorem 3.5. XP is not P- 
Liapunov stable. Hence, there is an open neighborhood lJ of .x-P such that for 
all open neighborhoods V of 3 we have VP d U. Thus, there are nets (x, } 
in U and ( p, ] in P such that x, + JJ E XP and x,, p,, @ U for all a. We may 
assume that x, p, + z G$ U. It follows from Lemma 3.1 that z E D”(y) = 
J~P c XP c U. Thus, we have a contradiction. This completes the proof of this 
part. Conversely, assume that (X, r) is D’-stable and 3 is compact for all 
.Y E X. It follows from Lemma 3.5 that the flow (X, T) is of P-characteristic 
0. Now assume that there is a net (xi} in X which converges to x E X. Let - 
(pi 1 be a net in P. Let U be a compact neighborhood of xP. Then VP c U 
for some open neighborhood V of xP. We may assume, without loss of 
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generality, that the net (xi) c V. Hence, the net (xi pi} c U. Consequently, 
the net (xi pi 1 has a convergent subnet. This proves that (X, 7’) is of P-stable 
characteristic 0. 
THEOREM 3.9. Let (X, T) be a jlow in which XP is connected for all 
.Y E X. Then a necessary and sufjkient condition for a compact P ‘- 
incariant set M to be D’-stable is D”(M) = M. 
ProoJ: The necessity was proved in Lemma 3.3. To prove the sufliciency. 
assume that D”(M) = M and M is not D’stable. This implies by 
Theorem 3.4 that M is not P-Liapunov stable. Hence, there exists an open 
neighborhood U of M whose closure fi is compact and a net ix,,} in U .- - . 
converging to y E M such that x,, Pn (X - U) # 0. Since x,,P 1s connected 
for each a, .Y, Pn i!U # 0. For each a choose a point ~1, E s,, Pn ?U. Then. 
without loss of generality, we may assume that ~3, --*z E i-U. Since 
j’,, E x, P c D”(xn) for each (I, it follows from Lemma 3.1 that z E D”(y) c 
D”(M) = M which is a contradiction. This completes the proof of the 
t heorcm. 
LEMMA 3.10. For a compact P-imariant subset M of X, D”(M) = M lfl 
J”(M) = M. 
Proof: The proof is similar to that of Lemma 2.10. 
Remark 3.11. It is clear that a D’-stable subset of X is necessarily J”- 
stable. However, the converse is false as is shown in the following example. 
EXAMPLE 3.12. Consider the continuous flow (X, T), where 
X = {(a, b)la, b E R, a > 0) and T = R; the additive group of reals. The 
orbits in the flow are parallel lines eminating from points on the I,-axis and 
every point on the y-axis is a rest point. The flow is J+-stable but not D 
stable. It is of characteristic 0, J- -stable and D -stable but not of charac- 
teristic 0 +. Furthermore, the flow (X, 7’) is of stable characteristic 0 but 
(X”. 7’) is not of characteristic 0.. 
TIIEOREM 3.13. Let xP be connected for all x E X in a Jlow (X, T). Then 
a necessary and su#kient condition for a compact invariant subset M of X to 
he J”-stable is J’(M) = M. 
ProoJ: Necessity: Let -I: E J”(M) -M. Then there exists an open 
neighborhood U of M such that y @? U. Since M is J”-stable, there exists an 
open neighborhood U of M such that J”(V) c U. Hence. 
J’ E J’(M) c J’(V) c U and, thus, we have a contradiction. Therefore, 
J”(M) c M. Let x E M. Since .g is compact. L” ‘(x) # 0. So Let 
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z E L’=’ ‘(x) cJp-I(x). Th en z E M. Furthermore, x E J’(z) c J”(M) and, 
thus, M c JP(M). Hence, M = J’(M). 
Sufficiency: From Lemma 3.10 it follows that D”(M) = M. Then by 
Theorem 3.9 the set M is DP-stable. This implies by Remark 3.11 that M is 
JP-stable. The proof of the theorem is now complete. 
COROLLARY 3.14. A compact invariant set is J’-stable lfl it is D”-stable 
provided that 2 is connecred for each x E X. 
ProoJ Use Theorem 3.9, Lemma 3.10, and Theorem 3.12. 
4. P-CHARACTERISTIC 0 AND D'%ABILITY 
THEOREM 4.1. Let (X, T) be a frow in which XP is compact and 
L’. ‘(x) # 0 for all x E X. Then (X, T) is D”-stable ~fl it is D-stable. 
Proof: Assume that (X, 7) is D%table. Then by Theorem 3.4 the flow 
(X, 7’) is of P-characteristic 0. Since L’ ‘(x) # 0 for each x E X, it follows - 
from Theorem 3.6 that XT is minimal for each x E X. Since L’(x) # 0, 
L’(x) = XP = XT for each x E X. We show now that (X, 7-J is of charac- 
teristic 0. So let y E D(x). Then there are neQxi 1 in X and (tit in T such 
that xi + x and x,ti +y. Now-x,li E x, T = xi P = Dp(xi). This implies by 
Lemma 3.1 that y E D’(x) = XP = 3. Hence, (X, 7) is of characteristic 0. 
Next we will show that (X*, 7’) is of characteristic 0. Let x E X and let II be 
an open neighborhood of 3 whose closure I!? is a compact subset of X. - 
Choose an open neighborhood V of XP such that D’(V) c U. Hence, 
VT c D(v) = uxc,, D(x) = U,, ,, D’(x) = D”(V) c U. This implies that 
VT* c u* = UC X. 
_..- 
Consequently, D,(x) c VT* c X and, therefore. 
co & D:,(x). Consequently, x @ D,(W) for any x E X. This shows that 
(X*, 7’) is of characteristic 0. The conclusion of the theorem now follows 
from Theorems 2.5 and 2.6. The converse is clear. The proof of the theorem 
is now complete. 
Note that the condition XP is compact and L” ‘(x) # 0 for all x E X is 
weaker than the condition XT is compact for all x E X. 
COROLLARY 4.2. Let (X, r) be a jlow in which XT is compact for all 
x E X. Then (X, T) is poinrwise equicontinuous ~fl (X x X, T) is D’-stable for 
some replete semigroup P in T. 
Proof: Since XT is compact for all x E X, (x, y) TC XT X yT is also 
compact for every x, y E X. Hence, L’ ‘(x, y) # 0 for each (x, y) E X X X. 
Thus. according to Theorem 4.1 the squared flow (X x X, 7) is D”-stable iff 
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it is D-stable. We now use Corollary 2.8 to get the conclusion of the 
theorem. 
- 
LEMMA 4.3. If XP is connected for all x E X, then D’(x) is connected 
whenever it is compact. 
ProoJ Suppose that D’(x) is not connected and D’(x) = A U B is a - 
separation of D’(x). Assume that x E A. Then XP being connected lies 
entirely in A. Since D’(x) is compact and X is locally compact, there exists 
an open set U such that A c U, a is compact and on B = 0. Let y E B. 
Then there exists a net (x, 1 in U which converges to x and a net ([,I in P 
such that x, t, +y. We may assume, without loss of generality, that 
x, t, G U for all a. Thus,x,Pn (X - U) # 0 for each a. Sin-, P is 
connected, it follows that x, Pn 2U # 0 for each a. Let z, E x, Pn 2U. 
Since 2CJ is compact, we may assume that z, + z E c~U. Now for each 
u, z, E x, P c D’(x). Hence, it follows from Lemma 3.1 that z E D’(x) and, 
thus, we have a contradiction. The proof of the lemma is now complete. 
THEOREM 4.4. Let (X, T) be a flow in which 2 is compact and 
connected and L”-‘(x) # 0 f or all x E X. If (X, T) is of P-characteristic 0, 
then ir is stable characteristic 0. 
Proof: Since L” ‘(x) # 0, XT is minimal for each x E X (Theorem 3.6). 
Furthermore, since XP is compact, for each x E X, it can be shown as in the 
proof of Theorem 4.1 that (X, 7) is of characteristic 0. Since XP = 3 is 
compact and connected, it follows from Theorem 3.3 in [ 21 that the flow 
(X, 7) is locally weakly almost periodic [ 3 1. This implies by Theorem 2.5 in 
[ 2 1 that (X, 7) is of stable characteristic 0. 
THEOREM 4.5. Let (X, T) be a flow, where X is locally connected and for 
each .Y E X, XP is compact and L” ‘(x) # 0. If (X. T) is of P-characteristic 
0. then it is of stable characleristic 0. 
ProoJ As in Theorem 4.4 one can show that the flow (X, 7) is of charac- 
teristic 0 and that XP = XT for each x E X. Then by Theorem 3.4 in [ 21 the 
flow (X. 7) is locally weakly almost periodic [ 3 1. Now apply Theorem 2.5 in 
121 to get the conclusion of the theorem. 
COROLLARY 4.6. Let (X, T) be a jlow of P-characteristic 0. Then (X, r) 
is II-stable provided either one of the following conditions hold: 
(a) For each .Y E X, .x-P is compact and connected and L” ‘(x) # 0. 
_-. 
(b) The phase space X is locally connected and for each x E X, XP is 
compact and L” ‘(x) # 0. 
ProoJ Use Theorems 4.4, 4.5 and 2.4. 
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